EP 3 199 668 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(11) EP 3 199 668 A1

EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication:
02.08.2017 Bulletin 2017/31

(21) Application number: 15844603.9

(22) Date of filing: 24.09.2015

(51) IntClL:
C30B 15/00 (2006.01) C30B 29/06 (2006.01)
(86) International application number:
PCT/JP2015/076950

(87) International publication number:
WO 2016/047693 (31.03.2016 Gazette 2016/13)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA

(30) Priority: 24.09.2014 JP 2014193252

(71) Applicant: SUMCO Corporation
Minato-ku
Tokyo 105-8634 (JP)

(72) Inventors:
¢ SATO Tadahiro
Akita-shi
Akita 010-0065 (JP)

¢ KITAHARA Eriko
Akita-shi
Akita 010-0065 (JP)
¢ SUDO Toshiaki
Akita-shi
Akita 010-0065 (JP)
¢ KITAHARA Ken
Akita-shi
Akita 010-0065 (JP)

(74) Representative: Gulde & Partner
Patent- und Rechtsanwaltskanzlei mbB
Wallstrae 58/59
10179 Berlin (DE)

(54)
CRYSTAL

(67)  The capacity of respective vitreous silica cruci-
ble is grasped precisely to predict the initial liquid surface
level of the silicon melt in the vitreous silica crucible.
Thereby the dipping process of the seed crystal is reliably
performed.

Spatial coordinates of multiple points on aninner sur-
face of the vitreous silica crucible prior to filling raw ma-
terial in the vitreous silica crucible, and a three-dimen-
sional shape of the inner surface of the vitreous silica
crucible from a combination of polygons having each
measurement point as a vertex coordinate is specified
(S11); a predictive value of an initial liquid surface level
of the silicon melt in the vitreous silica crucible is preset
(812); a volume of the silicon melt satisfying the predic-
tive value of the initial liquid surface level is obtained
based on the three-dimensional shape of the inner sur-
face of the vitreous silica crucible (S13); a weight of the
silicon melt having the volume is obtained (S14); raw
material having the weight is filled in the vitreous silica
crucible (S15); a dipping control of the seed crystal is
performed based on the predictive value of the initial lig-

MANUFACTURING METHOD AND MANUFACTURING SYSTEM FOR SILICON SINGLE

uid surface level (S17).
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to a manufactur-
ing method of a silicon single crystal and a manufacturing
system of a silicon single crystal, and in particular, to a
method for filling raw material in a vitreous silica crucible
which is used in pulling a silicon single crystal by the
Czochralski method.

BACKGROUND

[0002] The Czochralskimethod (CZ method) has been
known as one of the methods for growing a silicon single
crystal. In the CZ method, silicon raw material is melt in
a vitreous silica crucible, and a seed crystal is dipped in
the obtained silicon melt, then a single crystal is grown
by pulling the seed crystal gradually while rotating the
crucible. In order to increase the manufacture yield of the
single crystals, it is necessary to obtain as large an ingot
as possible in a single pulling process. For that purpose,
itis necessary tofirstfill as much raw material as possible
into the crucible. For example, a crucible having a diam-
eter of 32 inches (about 810 mm) can be filled with about
500 kg of raw material, and a single crystal ingot having
a diameter of about 300 mm may be pulled up. A crucible
having a diameter of 40 inches (about 1000 mm) can be
filled with a raw material of slightly less than about 1 ton,
and a single crystal ingot having a diameter of about 450
mm may be pulled up.

[0003] Many of the vitreous silica crucibles are manu-
factured by a so-called rotating mold method (see, for
example, Patent Document 1). In the rotating mold meth-
od, through the use of a carbon mold having an inner
surface shape matching the outer shape of the crucible,
a quartz powder is charged into the rotating mold, and
the quartz powder is deposited at a constant thickness
on the inner surface of the mold. At this time, the depo-
sition amount of the quartz powder is adjusted so that
the wall thickness of the crucible is set to the design value
for each position. Since the quartz powder sticks to the
inner surface of the crucible by centrifugal force to main-
tain the shape of the crucible, the vitreous silica crucible
is manufactured by arc-melting this quartz powder. Ac-
cording to the rotating mold method, itis possible to man-
ufacture a high-quality crucible that is extremely close to
the designed shape.

[0004] However,strictly speaking, the shape of the cru-
cible manufactured by the above method is not as de-
signed due to manufacture error, the shape of individual
crucibles is slightly different from the designed shape,
and variation in the capacity of the crucible is also occur-
ring. On the other hand, vitreous silica crucibles have a
large allowable range with respect to the design value,
and the vitreous silica crucibles actually manufactured
have larger variations in shape than products of metal
and the like. The inner diameter of the straight body por-
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tion may be manufactured within an allowable range of
about = 3 mmwith respect to the design value, the curved
portion is about == 6 mm with respect to the design value,
and the bottom portion is about = 3 mm with respect to
the design value.

[0005] Further, the variation in the capacity of the cru-
cible becomes more prominent as the size of the crucible
becomes larger. For example, the inner capacity of a 20-
inch crucible (inner diameter of about 510 mm) is about
0.06 m3 (60L), the inner capacity of a mainstream 32-
inch crucible (inner diameter of about 810 mm) used for
a 300 mm wafer is about 0.2 m3 (200L), and the inner
capacity of a crucible having a diameter of 40 inches
(inner diameter of about 1000mm) is about 0.4 m3 (400L).
Then, when the wall thickness becomes thicker by 1 mm
over the entire circumference (when the diameter of the
straight body portion of the inner surface becomes small-
er by 1mm), the inner capacity of the 20-inch crucible
decreases by about 0.00044 m3 (0.44L), the inner ca-
pacity of the 32-inch crucible decreases by about
0.00144 m3 (1.44L), and the inner capacity of the 40-inch
crucible decreases by about 0.00211 m3 (2.11 L).
[0006] When a constant amount of silicon raw material
is uniformly supplied to crucibles having different capac-
ities as described above, variation in the initial liquid sur-
face level of the silicon melt also occurs, the initial liquid
surface level becomes low in the crucible having a large
capacity, and on the contrary, the initial liquid surface
level becomes higher in the crucible having a small ca-
pacity.

[0007] For example, in the 32-inch crucible (inner di-
ameter of 810 mm), in the case where a certain amount
of silicon raw material is charged when the wall thickness
becomes thicker than the design value by 1 mm over the
entire circumference (when the diameter of the straight
body portion of the inner surface becomes 1 mm smaller),
the initial liquid surface level rises by about 2.5 mm com-
pared with the design value. The rise of 2.5 mm in the
liquid surface level corresponds to about 3.3 kg of silicon
raw material, and there is a variation of slightly below
about 1% in the about 500 kg of total filling amount of the
silicon raw material. In the pulling of the silicon single
crystal by the CZ method, a seed is pulled at a speed of
about 0.5 to 1 mm per hour. Recently, the pulling time
becomes a long time of 400 hours or 500 hours.

[0008] When the actual initial liquid surface level is too
low, the seed crystal cannot reach the liquid surface.
When the initial liquid surface level is too high, the seed
crystal goes down too much and sinks into the melt, and
the seed crystal may be excessively corroded. Further-
more, since the position of the crucible changes with the
change of the liquid surface position, the positional rela-
tionship between the heater for heating the silicon and
the liquid surface is deviated, so that readjustment be-
comes necessary.

[0009] A single crystal pulling furnace (CZ furnace) is
provided with a viewing window for observing its inside,
and the inside of the pulling furnace can only be seen
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from this viewing window. Since the inside of the pulling
furnace is in a high vacuum state at about 1500°C, and
the silicon melt in the crucible is whitely shining, it is dif-
ficult to perform the dipping control by highly accurately
measuring the liquid surface level of the silicon melt that
can be seen from the viewing window.

[0010] In this way, it is difficult to dip the seed crystal
in the silicon melt. Also, there is a case where the surface
of the silicon melt vibrates after the silicon raw material
is melted (melt surface vibration), and when the seed
crystal is dipped in the surface of the silicon melt, if the
melt surface vibrates, the dipping operation becomes im-
possible. Accordingly, as disclosed in Patent Document
1, there is also known a technique of suppressing the
melt surface vibration by adjusting the OH concentration
orthelike of the inner surface of the vitreous silica crucible
and improving the wettability between the silicon melt
and the vitreous silica crucible.

[0011] Also, as a method for reliably implementing the
dipping of the seed crystal, for example, Patent Docu-
ment 2 discloses a method of detecting the dipping of
the seed crystal by monitoring the change in voltage while
applying a voltage having a negative pole on the crucible
side and a positive pole on the pulling shaft side. In this
method, it is possible to perform the dipping of the seed
crystal even the initial liquid surface level of the silicon
melt is not known.

[0012] Further, Patent Document 3 describes a meth-
od of controlling the growth speed of the silicon single
crystal with higher accuracy along with the gap control-
ling, in the pulling of the silicon single crystal by the CZ
method. In this method, the inner diameter data R, of the
quartz crucible actually measured before filling the silicon
raw material and a predetermined value of the gap be-
tween the lower end of the heat shielding plate and the
liquid surface of the silicon melt are input. Next, the vol-
ume of the single crystal pulled per unittime is calculated,
and from the inner diameter data R of the quartz crucible
and the reduction amount AMw of the silicon melt corre-
sponding to the volume of the single crystal pulled per
unit time, the rise amount AC of the quartz crucible is
calculated. Then, the gap after raising the quartz crucible
is measured. When the gap is not coincident with the
predetermined value of the gap, the raising amount of
the quartz crucible is corrected, the inner diameter data
R, of the quartz crucible is calculated from the corrected
amount, and the inner diameter data R is corrected by
using the inner diameter data R,.

[0013] In addition, Patent Document 4 describes a lig-
uid surface position monitoring device for the melt in the
growth process of the silicon single crystal. This device
is possible to memorize the shape of the silicon single
crystal being pulled and calculate the volume. For that
reason, when melting the pulled silicon single crystal
again, the moving amount of the liquid surface position
of the melt is calculated with high accuracy, and the mov-
ing amount of the crucible is precisely controlled. Further,
an alarm is generated when the assumed liquid surface
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position of the melt exceeds a position just before the
upper limit, and the raising of the crucible is forcibly
stopped when the upper limit position is exceeded.
[0014] Further, as disclosed in Patent Document 5, in
the pulling method of the silicon single crystal, in order
to eliminate the dislocation generated by thermal shock
during dipping the seed crystal on the silicon melt, a meth-
od (Dash neck method) of eliminating the dislocation from
the crystal surface by pulling an elongated crystal having
a diameter of 3 to 4 mm after the seed crystal is dipped
(necking process), and thereafter growing the straight
body portion which is a product portion by expanding the
crystal diameter is known. However, when the diameter
of the straight body portion of the silicon single crystal to
be pulled is increased, the weight of this single crystal is
also increased, so that there is a possibility that the por-
tion (neck portion) for narrowing the crystal diameter to
eliminate the dislocation may not bear, and there is a limit
to the narrowing.

[0015] Further, Patent Document 6 describes a meth-
od for determining the liquid surface of the silicon melt
before the seed crystal is brought into contact with the
silicon melt based on the mass of the polycrystalline sil-
icon and the three-dimensional shape of the inner surface
of the vitreous silica crucible, in the manufacturing meth-
od of the silicon single crystal.

[0016] Further, as disclosed in Patent Document 2, a
multi-pulling method for manufacturing a plurality of sili-
con single crystals from the same crucible is also known.
In the multi-pulling method, after the pulling of the silicon
single crystal is completed, the single crystal is taken out
from the furnace, additional silicon raw material is
charged in the same crucible as that used for pulling and
is melted, and another seed crystal is dipped in the liquid
surface of the silicon melt to pull a subsequent silicon
single crystal.

[0017] In both cases of the multi-pulling method and
the single pulling method, the vitreous silica crucibles
can be used only once, and those crucibles that have
been cooled after the completion of a series of single
crystal pulling steps cannot be used again. Such a used
crucible has problems such as cracking of the crucible
during the pulling of the single crystal, impurity contam-
ination of the single crystal, increasing of crystal defects
and the like. The used crucible is recovered as a recycled
resource. But in order to facilitate the recovery by mini-
mizing the cracking of the crucible during the cooling
process, a pulling control is performed so as not to leave
silicon residual liquid as much as possible in the crucible
after completion of all the single crystal pulling steps.

PRIOR ART REFERENCE
PATENT DOCUMENTS
[0018]

Patent Document 1: Japanese Patent Application
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Laid-Open No. 2001-348240

Patent Document 2: Japanese Patent Application
Laid-Open No. 2010-275139

Patent Document 3: Japanese Patent No. 5333146
Patent Document 4: Japanese Patent No. 4784401

Patent Document 5: Japanese Patent Application
Laid-Open No. 2001-158688

Patent Document 6: Japanese Patent Application
Laid-Open No. 2013-133229

SUMMARY OF THE INVENTION
Problems to be solved by the Invention

[0019] However, even if the dipping may be performed
without knowing the initial liquid surface level according
to the dipping control method of the above-mentioned
Patent Document 2, it is more advantageous in dipping
control if it is possible to accurately know the initial liquid
surface level in advance. For example, in the case of the
CZ pulling of the silicon single crystal, the liquid surface
level position of the inner surface of the vitreous silica
crucible can be accurately known in advance by thefilling
amount of the polysilicon raw material, and the setting
position and the heater position in the CZ furnace of the
vitreous silica crucible can be adjusted in advance. When
it is necessary to strictly adjust the temperature gradient
in the vicinity of the solid -liquid interface between the
crystal ingot and the silicon melt, the adjustment of the
silicon melt and the heater position becomes important.
Also, if the necking is failed, the dipping must be per-
formed for many times. In that case, many dislocations
are generated in the seed crystal due to the dipping op-
eration, but in the portion where the crystal diameter
formed by the Dash neck method is narrow, there is a
limit to narrowing the diameter, so that there is a possi-
bility that the dislocation cannot be removed by the Dash
neck method if the dipping control of the seed crystal is
not performed.

[0020] Further, in the method of Patent Document 3,
the liquid surface position of the silicon melt can be ob-
tained from the designed inner diameter data R of the
straight body portion of the quartz crucible and the vol-
ume of the silicon single crystal pulled per unit time. But
the prediction accuracy of the liquid surface position can-
not be said to be sufficient, since the calculation is con-
ducted by using the designed inner diameter data R of
the crucible. In other words, since the quartz crucible
manufactured by the rotating mold method vitrifies quartz
powder by arc-melting, the inner surface of the manufac-
tured quartz crucible does not become a perfect circle,
and the prediction accuracy of the liquid surface position
is not sufficient even if the calculation is conducted by
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using the designed inner diameter data R,. Patent Doc-
ument 4 also calculates the movement amount of the
liquid surface position of the silicon melt by using the
diameter of the melt surface, that is, the inner diameter
of the crucible. Therefore, as in the Patent Document 3,
the prediction accuracy of the liquid surface position can-
not be said to be sufficient.

[0021] Further, the method of Patent Document 3 is a
method for making the growth speed of the silicon single
crystal constant when the liquid surface of the silicon melt
is on the crucible sidewall portion where the inner diam-
eter of the quartz crucible is substantially constant, and
the liquid surface position cannot be predicted in the re-
gion where the inner diameter varies such as the quartz
crucible curved portion or the quartz crucible bottom por-
tion. Furthermore, as the initial liquid surface level of the
silicon melt cannot be accurately known since before fill-
ing the silicon raw material in the quartz crucible, itis also
impossible to perform the dipping control by using the
predicted initial liquid surface level.

[0022] Further, the method of Patent Document 6
merely demands the liquid surface of the silicon melt be-
fore bringing the seed crystal into contact with the silicon
melt, and how to control the dipping of the seed crystal
is not considered there. In addition, a method of predict-
ing the liquid surface level and performing the dipping
control of the seed crystal in the multi-pulling in which a
second silicon single crystal is pulled by adding silicon
raw material after pulling a silicon single crystal once is
also not considered.

[0023] Therefore, an object of the present disclosure
is to provide a manufacturing method and a manufactur-
ing system of a silicon single crystal which are capable
of accurately grasping the capacity of respective vitreous
silica crucible to predict the initial liquid surface level of
the silicon meltin the vitreous silica crucible, and thereby
reliably performing the dipping process of the seed crys-
tal.

SUMMARY OF THE INVENTION

[0024] In order to solve the above problem, the man-
ufacturing method of the silicon single crystal according
to the present disclosure is a method for manufacturing
asilicon single crystal by the Czochralski method in which
a silicon melt is generated by heating the raw material
filled in a vitreous silica crucible and the silicon single
crystal is grown by pulling a seed crystal dipped in the
silicon melt, the manufacturing method including: meas-
uring spatial coordinates of a number of points on the
inner surface of the vitreous silica crucible prior to filling
the raw material in the vitreous silica crucible, and spec-
ifying a three-dimensional shape of the inner surface of
the vitreous silica crucible from a combination of poly-
gons having each measurement point as a vertex coor-
dinate; presetting a predictive value of an initial liquid
surface level of the silicon melt in the vitreous silica cru-
cible; obtaining a volume of the silicon melt satisfying the
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predictive value of the initial liquid surface level based
on the three-dimensional shape of the inner surface of
the vitreous silica crucible; obtaining a weight of the raw
material filled in the vitreous silica crucible based on the
volume of the silicon melt; and filling the raw material
having the weight in the vitreous silica crucible.

[0025] Further, the manufacturing system of the silicon
single crystal according to the present disclosure is a
system for manufacturing a silicon single crystal by the
Czochralski method in which a silicon melt is generated
by heating the raw material filled in a vitreous silica cru-
cible and the silicon single crystal is grown by pulling a
seed crystal dipped in the silicon melt, the manufacturing
system including: a measuring system for measuring
spatial coordinates of a number of points on an inner
surface of the vitreous silica crucible prior to filling the
raw material in the vitreous silica crucible, and specifying
a three-dimensional shape of the inner surface of the
vitreous silica crucible from a combination of polygons
having each measurement point as a vertex coordinate;
a silicon raw material measuring section for measuring
a weight of the raw material filled in the vitreous silica
crucible; a silicon single crystal pulling furnace; and a
pulling furnace control section for controlling a pulling
condition of the silicon single crystal pulling furnace, an
analysis/calculation unitis provided in the measuring sys-
tem, in the analysis/calculation unit, a predictive value of
an initial liquid surface level of the silicon melt in the vit-
reous silica crucible is preset, a volume of the silicon melt
satisfying the predictive value of the initial liquid surface
level is obtained based on the three-dimensional shape
of the inner surface of the vitreous silica crucible, and a
weight of the raw material filled in the vitreous silica cru-
cible is obtained based on the volume of the silicon melt.
[0026] Further,the manufacturing method of the silicon
single crystal according to the present disclosure is a
method for manufacturing a silicon single crystal by the
Czochralski method in which a silicon melt is generated
by heating the raw material filled in a vitreous silica cru-
cible and the silicon single crystal is grown by pulling a
seed crystal dipped in the silicon melt, the manufacturing
method including: measuring spatial coordinates of a
number of points on the inner surface of the vitreous silica
crucible prior to filling the raw material in the vitreous
silica crucible, and specifying the three-dimensional
shape of the inner surface of the vitreous silica crucible
from a combination of polygons having each measure-
ment point as a vertex coordinate; obtaining the weight
of the raw material filled in the vitreous silica crucible;
obtaining the volume of the silicon melt obtained by melt-
ing the raw material having the weight; obtaining a pre-
dictive value of an initial liquid surface level of the silicon
melt obtained by melting the raw material in the vitreous
silica crucible, based on the three-dimensional shape of
the inner surface of the vitreous silica crucible and the
volume of the silicon melt; and performing a dipping con-
trol of the seed crystal based on the predictive value of
the initial liquid surface level.
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[0027] Here, the initial liquid surface level refers to the
height of the liquid surface of the silicon melt in the vit-
reous silica crucible before dipping the seed crystal, and
also includes the height of the liquid surface of the silicon
melt used in the subsequent pulling of the silicon single
crystal in a multi-pulling process. The multi-pulling refers
to a method in which silicon raw material is additionally
supplied and melted in the same crucible without replac-
ing the vitreous silica crucible after pulling a silicon single
crystal, pulling of asilicon single crystal is performed from
the obtained silicon melt, and such a raw material sup-
plying process and a single crystal pulling process are
repeated, so that a plurality of silicon single crystals are
manufactured from one crucible.

[0028] Inthepresentdisclosure, the three-dimensional
shape of the inner surface of the vitreous silica crucible
is preferably measured by scanning the inner surface of
the vitreous silica crucible with a distance measuring de-
vice provided at a tip of an arm of an arm robot.

[0029] In the present disclosure, the measurement of
the three-dimensional shape of the inner surface of the
vitreous silica crucible is preferably to be performed si-
multaneously with the measurement of the measurement
item that is different from the three-dimensional shape
by using the arm robot.

[0030] Through accurately obtaining the volume by us-
ing the measured data of the vitreous silica crucible, it is
possible to obtain how high the initial liquid surface level
will be when the raw material is packed in a number of
kilograms, and it is possible to calculate the weight of the
raw material necessary for the initial liquid surface level
achieving the predetermined level. Thereafter, the raw
material having the calculated weight is filled in the vit-
reous silica crucible, and the pulling of the silicon single
crystal is performed. Since the initial liquid surface level
of the silicon melt comes to a substantially predetermined
position although it has a margin of error, the width of the
melt surface vibration suppression region formed on the
inner circumferential surface of the vitreous silica crucible
inner can be narrowed. Further, since the initial liquid
surface position is precisely known, the dipping of the
seed crystal can be accurately controlled, and a highly
reliable CZ pulling can be realized.

[0031] It is preferable that the manufacturing method
of the silicon single crystal according to the present dis-
closure includes a multi-pulling process in which a sub-
sequent pulling of a silicon single crystal is performed by
adding raw material in the vitreous silica crucible after a
previous pulling of a silicon single crystal is completed,
in the manufacturing method, a residual amount of the
silicon melt remaining in the vitreous silica crucible is
obtained from the weight of the silicon single crystal which
is pulled previously, an additional filling amount of the
raw material which satisfies the predictive value of the
initial liquid surface level of the silicon melt used in the
subsequent pulling of the silicon single crystal is obtained
based on the three-dimensional shape of the inner sur-
face of the vitreous silica crucible and the residual amount
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ofthe silicon melt. In this case, an additional filling amount
of the raw material is adjusted so that an initial liquid
surface levelin the subsequent pulling of the silicon single
crystal is lower than an initial liquid surface level in the
previous pulling of the silicon single crystal. Thereby, the
initial liquid surface level can be accurately controlled in
the multi-pulling.

[0032] The manufacturing system of the silicon single
crystal according to the present disclosure is a system
for manufacturing a silicon single crystal by the Czochral-
ski method in which a silicon melt is generated by heating
the raw material filled in a vitreous silica crucible and the
silicon single crystal is grown by pulling a seed crystal
dipped in the silicon melt, the manufacturing system is
preferably to be configured to include: a measuring sys-
tem for measuring spatial coordinates of a number of
points on an inner surface of the vitreous silica crucible
prior to filling the raw material in the vitreous silica cruci-
ble, and specifying a three-dimensional shape of the in-
ner surface of the vitreous silica crucible from a combi-
nation of polygons having each measurement point as a
vertex coordinate; a silicon raw material measuring sec-
tion for obtaining a weight of the raw material filled in the
vitreous silica crucible; a silicon single crystal pulling fur-
nace; and a pulling furnace control section for controlling
a pulling condition of the silicon single crystal pulling fur-
nace, an analysis/calculation unitis providedin the meas-
uring system, in the analysis/calculation unit, a predictive
value of an initial liquid surface level of the silicon melt
in the vitreous silica crucible is preset, a volume of the
silicon melt satisfying the predictive value of the initial
liquid surface level is obtained based on the three-dimen-
sional shape of the inner surface of the vitreous silica
crucible, and a weight of the raw material filled in the
vitreous silica crucible is obtained based on the volume
of the silicon melt. Thereby, since the initial liquid surface
level can be accurately controlled, the dipping control of
the seed crystal is reliably performed. Further, since the
initial liquid surface level can be accurately controlled in
the multi-pulling, even in the silicon single crystal pulling
from the second time and onward, the dipping control of
the seed crystal is reliably performed, and the quality of
the pulled silicon single crystal is improved.

EFFECTS

[0033] According to the present disclosure, it is possi-
ble to provide a manufacturing method of a silicon single
crystal and a manufacturing system of a silicon single
crystal which are capable of precisely grasping the ca-
pacity of respective vitreous silica crucible to predict the
initial liquid surface level of the silicon melt in the vitreous
silica crucible, and thereby reliably performing the dip-
ping process of the seed crystal.

DESCRIPTION OF DRAWINGS

[0034]
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Fig. 1is a flowchart for explaining the manufacturing
method of a silicon single crystal according to the
first embodiment of the present disclosure.

Fig. 2 is a schematic view for explaining the manu-
facturing method of the silicon single crystal.

Fig. 3isagraph showingthe change in the in-furnace
temperature from the melting of the raw material to
the pulling.

Fig. 4 is a photograph showing the corrosion oc-
curred on the circumference of the inner surface of
the vitreous silica crucible which is generated in the
necking process from the dipping at the time of the
first pulling of the silicon single crystal.

Fig. 5 is a schematic view showing one example of
the manufacturing system of the silicon single crystal
according to the present disclosure.

Fig. 6 is a schematic view showing one example of
the measuring system for measuring the three-di-
mensional shape of the inner surface of the vitreous
silica crucible 1.

Fig. 7 is an approximately perspective view showing
the three-dimensional shape of the inner surface of
the vitreous silica crucible which is specified by the
measured value.

Fig. 8 is a schematic view showing another example
of the measuring system for measuring the three-
dimensional shape of the inner surface of the vitre-
ous silica crucible 1.

Fig. 9 is a flowchart showing the manufacturing
method of a silicon single crystal according to the
second embodiment of the present disclosure.

DETAILED DESCRIPTION

[0035] Hereinafter, preferred embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.

[0036] Fig. 1is aflowchart for explaining the manufac-
turing method of the silicon single crystal according to
the first embodiment of the present disclosure. In addi-
tion, Fig. 2 is a schematic view for explaining the manu-
facturing method of the silicon single crystal.

[0037] AsshowninFig. 1andFig.2,inthe manufacture
of the silicon single crystal according to the present em-
bodiment, first, a vitreous silica crucible 1 is prepared,
and the three-dimensional shape of the inner surface
thereof is measured (step S11). Here, the three-dimen-
sional shape of the inner surface of the vitreous silica
crucible 1 is specified by obtaining the spatial coordinates
of a number of points on the inner surface of the vitreous
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silica crucible 1. The vitreous silica crucible 1 is a con-
tainer made of vitreous silica supporting the silicon melt
in the CZ method, including a curved bottom portion, a
cylindrical sidewall portion, and a bottom portion having
alarger curvature than the bottom portion and connecting
the bottom portion and the sidewall portion. Details of the
measuring method of the three-dimensional shape of the
inner surface of the vitreous silica crucible 1 will be de-
scribed later.

[0038] Although the size of the vitreous silica crucible
1 is not particularly limited, since a larger-sized crucible
has a larger capacity in proportion to its size, a large
amount of raw material can be filled. For example, the
inner capacity of a 32-inch crucible is 211470 cm3, and
it is possible to hold about 529 kg of silicon raw material.
The inner capacity of a 36-inch crucible is 268065 cm3,
and it is possible to hold about 670 kg of silicon raw ma-
terial. The inner capacity of a 40-inch crucible is 375352
cm3, and it is possible to hold about 938 kg of silicon raw
material. Such a large capacity crucible has a greater
influence of variation of the initial liquid surface level, and
the effect of the present disclosure is also greater. There-
fore, the present disclosure is suitable for a manufactur-
ing method of a silicon single crystal using a vitreous
silica crucible which has an opening diameter of 32 inch-
es (800 mm) or more.

[0039] Next, a predictive value of the initial liquid sur-
face level H, of the liquid surface 3a of the silicon melt 3
is set (step S12), and the capacity V in the crucible up to
the predictive value of the initial liquid surface level H, is
obtained based on the obtained data of the three-dimen-
sional shape and the residual amount of the silicon melt
in the crucible (step S13). This capacity V corresponds
to the volume of the silicon melt required to satisfy the
predictive value of the initial liquid surface level H,. At
this time, when there is no silicon single crystal pulled
previously, since there is no silicon melt in the vitreous
silica crucible, there is also no residual amount. When
the height of the vitreous silica crucible is H, (see Fig.
2), the predictive value of the initial liquid surface level
H, is preferably 0.7 Hy or more and 0.9 H or less.
[0040] Next, the weight M of the silicon melt satisfying
the obtained capacity V is obtained (step S14). The spe-
cific gravity in the vicinity of the melting point (about 1413
°C) of the silicon melt is 2.6 X108 (g/m3), the relational
expression between the volume V (m3) and the weight
M(g) of the silicon raw material is M=2.6x108xV. The
specific gravity of silicon at normal temperature is
2.3x106 (g/m3). If the same weight of silicon is used, the
volume of the silicon melt is smaller than the volume of
the silicon at normal temperature.

[0041] Next, the silicon raw material having the ob-
tained weight M is measured and filled in the vitreous
silica crucible 1 (step S15), and manufacture of the silicon
single crystal is started. The method for measuring the
weight is not particularly limited as long as it can ensure
certain measurement accuracy. In the manufacture of
the silicon single crystal, first, the raw material 2 in the
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vitreous silica crucible 1is heated in a furnace to generate
a silicon melt 3 (step S16). As shown in Fig. 3, for exam-
ple, the silicon melt 3 is generated by maintaining 1580°C
for about 25 hours after heating by a heater while con-
trolling the inside of the furnace and raising the temper-
ature from normal temperature to 1580°C over about 5
hours. Next, after lowering the temperature in the furnace
to 1500°C, a dipping process is performed to dip the seed
crystal in the silicon melt while controlling the descending
speed of the seed crystal and the up-and-down move-
ment of the vitreous silica crucible (step S17). Thereafter,
while controlling the pulling speed and the up-and-down
movement of the vitreous silica crucible over about 100
hours, the dipped seed crystal is slowly pulled while con-
trolling the descending speed of the silicon melt, so that
apulling process of the silicon single crystal is performed
(step S18).

[0042] When the pulling of the silicon single crystal is
completed, the silicon single crystal is taken out from the
pulling furnace (CZ furnace) (step S19). At this time,
whether or not a subsequent pulling of a silicon single
crystal is performed by the multi-pulling method is deter-
mined (step S20), and in the case where the pulling is
performed, the weight of the taken out silicon single crys-
tal is measured (step S21). Then, the residual amount of
the melt in the vitreous silica crucible is calculated from
the weight of the taken out silicon single crystal (step
$22), the initial liquid surface level H, for pulling the sub-
sequent silicon single crystal is set (step S23), and the
initial liquid surface level H2 is set as the predictive value
of the next initial liquid surface level H, (return to step
12). At that time, it is important to set it lower than the
initial liquid surface level Hy for the previous pulling of
the silicon single crystal.

[0043] As described above, in the method of manufac-
turing a silicon single crystal according to the present
embodiment, the volume of the silicon melt satisfying the
predetermined initial liquid surface level is obtained from
the three-dimensional shape of the vitreous silica cruci-
ble, the weight of the silicon melt having the volume is
obtained, and the raw material of this weight is filled in
the vitreous silica crucible, so it is possible to accurately
match the actual initial liquid surface level with the pre-
dictive value. Therefore, the dipping control can be per-
formed very easily. That is, the seed crystal can be reli-
ably dipped, and also the seed crystal will not descend
toomuch below the initial liquid surface level to be melted.
Particularly, since the seed crystal can be descended at
a high speed to a level very close to the liquid surface,
the time it takes to dip the seed crystal can be shortened.
In addition, even in the second and subsequent pulling
in the multi-pulling method, it is possible to accurately
adjust the actual initial liquid surface level to match the
predictive value as in the first time.

[0044] Fig. 4 is a photograph showing the corrosion
occurred on the circumference of the inner surface of the
vitreous silica crucible which is generated in the necking
process from the dipping at the time of the first pulling of
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the silicon single crystal.

[0045] As shown in Fig. 4, on the inner surface of the
vitreous silica crucible after the first pulling of the silicon
single crystal, a band-shaped groove recessed with re-
spect to the wall direction is formed on the circumference.
At the initial liquid surface level at the start of the pulling
of the silicon single crystal, the operation at the same
liquid surface level is carried out for several hours for the
necking process from the dipping of the seed crystal. On
the inner surface of the vitreous silica crucible at the initial
liquid surface level at this time, three phases of the silicon
melt, the vitreous silica, and the atmospheric gas in the
pulling furnace are in contact with the inner surface of
the vitreous silica crucible. In this portion, the reaction
between the vitreous silica and the silicon melt is quick,
the inner surface of the vitreous silica crucible is corroded
and a groove is formed, and fine silica crystals are de-
posited on the inner surface of the vitreous silica crucible.
[0046] In the multi-pulling, the first pulling of the silicon
single crystal is completed, and the vitreous silica cruci-
ble used for the first pulling the silicon single crystal is
filled again with polycrystalline silicon and the polycrys-
talline silicon is melted, without replacing the vitreous sil-
ica crucible. The second and the subsequent pulling of
the silicon single crystal are performed in the same vit-
reous silica crucible. At this time, when the liquid surface
of the silicon melt passes through the band-shaped
groove portion where the silica crystals are deposited at
the time of pulling the first one, since the silica crystals
attached to the groove portion of the vitreous silica cru-
cible are peeled off and enter the silicon melt, crystal
defects are caused. Further, since the vitreous silica cru-
cible is provided with a high-purity region on the inner
surface, the high-purity region is lost when the groove
becomes deeper, and the metal impurities are eluted
from the region where the purity of the vitreous silica cru-
cible is low and adversely affect the purity of the silicon
single crystal.

[0047] Therefore, in the second and subsequent CZ
pulling, it is necessary to avoid the corrosion position of
several millimetres of recesses in the wall direction gen-
erated on the circumference of the inner surface of the
vitreous silica crucible at the first pulling. When the cor-
rosion of the inner surface of the vitreous silica crucible
is large, the transparent vitreous silica portion on the in-
nermost surface disappears and the necking process
(eliminating of the seed dislocation) does not go well.
Accordingly, it is possible to determine the filling amount
of the silicon raw material to be charged additionally as
to form the liquid surface level avoiding the corrosion
position on the circumference of the inner surface of the
vitreous silica crucible generated at the first CZ pulling.
The liquid surface level at the second CZ pulling falls in
the depth direction of the vitreous silica crucible by about
10 mm below the first liquid surface level. Thereafter, the
same operation as above can be performed even in the
third time and the fourth time.

[0048] Fig.5isaschematic view showing one example
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of the entire configuration of the silicon single crystal
manufacturing system of the present embodiment. This
silicon single crystal manufacturing system 1000 in-
cludes: a pulling furnace 20 for pulling a silicon single
crystal; a pulling furnace control section 30 for controlling
the pulling condition of the pulling furnace 20; a silicon
raw material measuring section 40 for measuring the
weight of the silicon raw material filled in a vitreous silica
crucible provided in the pulling furnace 20; and a meas-
uring system section 100 for measuring the three-dimen-
sional shape of the inner surface of the vitreous silica
crucible provided in the pulling furnace and obtaining the
predictive value of the initial liquid surface level. In addi-
tion, each unitis connected by a communication network
for exchanging the obtained information.

[0049] The pulling furnace 20 is a general CZ method
pulling furnace, or a multi-pulling furnace equipped with
a re-charging mechanism. And in addition to a carbon
susceptor for disposing the vitreous silica crucible whose
three-dimensional shape has been measured, a single
crystal weight measuring mechanism for measuring the
weight of the silicon single crystal, a crucible lifting mech-
anism for moving the vitreous silica crucible up and down,
and a heater for heating the silicon raw material and the
silicon melt are provided. Further, in the case of the multi-
pulling furnace, a charging mechanism for adding silicon
raw material to the silicon melt is also provided.

[0050] In the pulling furnace control section 30, a pull-
ing speed control unit 301 for controlling the up-and-down
moving speed of the seed crystal and the pulling speed
of the silicon single crystal, a crucible up-and-down mov-
ing speed setting unit 302 for controlling the up-and-down
position and the up-and-down moving speed of the vit-
reous silica crucible, a heating temperature setting unit
303 for controlling the temperature of the silicon melt with
a heater, a single crystal weight calculating unit 304 for
calculating the weight of the pulled silicon single crystal
and the like are provided.

[0051] In the measuring system section 100, a meas-
uring unit 101 for measuring the three-dimensional shape
of the inner surface of the vitreous silica crucible 1, and
an analysis/calculation unit 102 performing the analysis
for obtaining the measured data and the predictive value
of the initial liquid surface level are provided. The analy-
sis/calculation unit 102 includes animage processing unit
106. Further, the analysis/calculation unit 102 is provided
with a database engine 103 for storing the measured
data, and a CAE system 104 and a CAD system 105 for
calculating the volume V and the initial liquid surface level
H4, Hy. The measuring system section 100 will be de-
scribed later.

[0052] Fig.6is aschematic view showing one example
of the measuring system section 100 for measuring the
three-dimensional shape of the inner surface of the vit-
reous silica crucible 1.

[0053] As shown in Fig. 6, there is a measuring unit
101 in this measuring system section 100. The measur-
ing unit 101 includes a cylindrical rotating base 11 for
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supporting the vitreous silica crucible 1 with its opening
facing downward; an arm robot 12 that is provided inside
the rotating base 11 and inside the vitreous silica crucible
1; and a distance measuring device 13 provided at the
tip of the arm 12a of the arm robot 12. The arm robot 12
is provided inside the cylindrical rotating base 11, and
fixedly disposed without rotating together with the rotat-
ing base 11.

[0054] The armrobot 12 can make the distance meas-
uring device 13 move along the inner surface of the vit-
reous silica crucible 1. In particular, the arm 12a does
not move in the circumferential direction of vitreous silica
crucible 1, but moves only in the radial direction and the
height direction of the vitreous silica crucible 1, so that
the distance measuring device 13 moves from the rim of
the vitreous silica crucible 1 toward the center of the bot-
tom portion in the arrow A direction. Further, the move-
ment of the distance measuring device 13 in the circum-
ferential direction (arrow B direction) of the vitreous silica
crucible is performed by rotating the rotating base 11,
not the arm robot 12, but the movement may also be
performed by the arm robot 12.

[0055] The distance measuring device 13 optically
measures the distance from areference pointto one point
on the inner surface of the vitreous silica crucible 1, sets
the center of the bottom portion of the vitreous silica cru-
cible 1 as the origin of the cylindrical coordinates system,
and adds the distance from this origin to the reference
point of the distance measuring device 13, so as to cal-
culate the spatial coordinate of one point on the inner
surface of the vitreous silica crucible 1. This measure-
mentis performed with respect to the entire inner surface
of the vitreous silica crucible. Since the measuring sys-
tem section 100 measures a very large number of points
of atleast 10,000 points or more, preferably 30,000 points
or more, it is possible to measure the three-dimensional
shape of the inner surface of the vitreous silica crucible
1 with high accuracy.

[0056] The spatial coordinate (x, 6y, z) of an arbitrary
point on the inner surface of the vitreous silica crucible
necessary for the position control of the arm robot 12 can
be obtained by using a function formula of a design model
of the vitreous silica crucible. By using the function for-
mula, even when changing the measuring pitch arbitrar-
ily, the coordinate position of the arm robot 12 can be
accurately calculated and determined. When 6 is a fixed
value, the coordinate (x, z) of an arbitrary point on the
inner surface of the vitreous silica crucible can be ex-
pressed as follows by using the vitreous silica crucible
diameter D, the vitreous silica crucible height H, the cur-
vature radius R of the bottom portion of the vitreous silica
crucible, the curvature radius r of the curved portion (R
portion) of the vitreous silica crucible, and the parameters
a, 0, t.

<Sidewall Portion of Vitreous Silica Crucible>

[0057]
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x=D/2

z= (H-R+a"?) t+R-a™?
<Curved Portion of Vitreous Silica Crucible>

[0058]

x=rcos {-(11/2-8) t} +D/2-r

z=rsin {-(11/2-0) t} +R-a'?

<Bottom Portion of Vitreous Silica Crucible>

[0059]
x=Rcos (6t-11/2)
z=Rsin (Bt-11/2) +R
[0060] Incidentally, 6 is an intersection point angle of

the curvature radius R of the bottom portion of the vitre-
ous silica crucible intersecting with the curved portion of
the vitreous silica crucible. The parameters o, 0, and t
are represented by the following formula.

a=(R-2r+D/2) (R-D/2)

8=arctan {(D/2-r)/a"?}

t=0to 1

[0061] By defining the coordinate (x, z) of an arbitrary
point on the inner surface of the vitreous silica crucible
in this manner, the three-dimensional shape of the inner
surface of the vitreous silica crucible can be represented
as a continuous function, and an accurate measurement
can be performed efficiently.

[0062] Further, not only in the sidewall portion of the
vitreous silica crucible which is a region where the inner
diameter of the vitreous silica crucible is substantially
constant, but also in the curved portion of the vitreous
silica crucible and in the bottom portion of the vitreous
silica crucible which are regions where the inner diameter
of the vitreous silica crucible is changed, an accurate
measurement can be performed. Based on the measured
three-dimensional shape, it is possible to predict the in-
itial liquid surface level of the silicon melt, and the moving
speed (descending speed) of the liquid surface position
at the time of pulling the silicon single crystal.
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[0063] Fig. 7 is an approximately perspective view
showing the three-dimensional shape of the inner surface
of the vitreous silica crucible which is specified by the
measured value.

[0064] AsshowninFig.7,thethree-dimensionalshape
of the inner surface of the vitreous silica crucible 1 is
specified by a collection of a large number of measure-
ment points (spatial coordinates). Here, the measure-
ment point is an intersection point of the vertical line and
the horizontal line, and the three-dimensional shape of
the inner surface of the vitreous silica crucible can be
represented by a combination of polygons having each
of a large number of measurement points as a vertex
coordinate. By reducing the mesh size of the polygon,
the measurement accuracy of the three-dimensional
shape of the vitreous silica crucible can be increased,
and the capacity of the vitreous silica crucible is possible
to be accurately obtained.

[0065] The spatial coordinate data of the inner surface
of the vitreous silica crucible 1 measured in this manner
together with the weight data of the silicon raw material
and the weight data of the silicon single crystal are put
in the CAE (Computer Aided Engineering) system 104
or the control CAD system 105 of the computer 15 pro-
vided in the analysis/calculation unit 102, and the volume
V and the initial liquid surface level H are calculated.
[0066] Fig. 8 is a schematic view showing another ex-
ample of the measuring system for measuring the three-
dimensional shape of the inner surface of the vitreous
silica crucible 1.

[0067] As shown in Fig. 8, the measurement of the
three-dimensional shape of the inner surface of the vit-
reous silica crucible 1 may be performed simultaneously
with the photographing of the inner surface using a CCD
camera 14. In this case, the CCD camera 14 and the
distance measuring device 13 are mounted together at
the tip of the arm 12a of the arm robot 12, and the coor-
dinates of each point on the inner surface are also meas-
ured by the distance measuring device 13, while the inner
surface is scanned by the CCD camera 14. As one of the
quality inspection of the vitreous silica crucible 1, there
are observation inspections for the presence or absence
of scratches or deformations on the inner surface of the
vitreous silica crucible, bubbles at the outermost surface
layer, adhesion of dust and the like. By performing the
measurementof the three-dimensional shape of the inner
surface of the vitreous silica crucible 1 while performing
this observation inspection automatically by image
processing on the image photographed by the CCD cam-
era 14, it is possible to omit the process of measuring
the three-dimensional shape independently. Therefore,
it is possible to improve the efficiency of the inspec-
tion/measurement process using the arm robot 12.
[0068] Fig. 9is aflowchart showing the manufacturing
method of a silicon single crystal according to the second
embodiment of the present disclosure.

[0069] As shown in Fig. 9, in the manufacture of the
silicon single crystal according to the present embodi-
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ment, first, a vitreous silica crucible is prepared, and the
three-dimensional shape of the inner surface of the vit-
reous silica crucible is measured (step S31). The meas-
uring method of the three-dimensional shape of the inner
surface of the vitreous silica crucible is as described
above.

[0070] Next, a predetermined amount of silicon raw
material 2 to be filled in the vitreous silica crucible 1 is
prepared, and the weight M (g) of this raw material 2 is
measured (step S32). The raw material 2 is a polycrys-
talline silicon block, and an appropriate amount may be
prepared according to the size of the vitreous silica cru-
cible to be used. The method for measuring the weight
is not particularly limited as long as it can ensure certain
measurement accuracy.

[0071] Next, the volume V (m3) of the silicon melt 3
when the raw material 2 having the weight M has been
melted is obtained (step S33), and the predictive value
of the initial liquid surface level H; (m) of the silicon melt
3 filled in the vitreous silica crucible 1 is obtained from
the volume V of the silicon melt 3 and the three-dimen-
sional shape of the inner surface of the vitreous silica
crucible 1 (step S34). Next, it is determined whether the
predictive value of the initial liquid surface level H, is
appropriate (step S35). Here, it is determined whether
the predictive value of the initial liquid surface level is
lower than the height Hj of the vitreous silica crucible.
Or in the case of the second and subsequent pulling of
the multi-pulling, it is determined whether the predictive
value of the initial liquid surface level is a range lower
than the previous initial liquid surface level. When the
predictive value of the initial liquid surface level is not
appropriate, the measurement of the raw material is per-
formed again (return to step S32). Incidentally, the cal-
culation of the predictive value of the initial liquid surface
level H, can be performed at any time, as long as the
weight M of the raw material 2 to be filled in the vitreous
silica crucible 1 has been determined and before the dip-
ping process of the seed crystal is performed. The spe-
cific gravity of the silicon melt is 2.6x 106 (g/m3), the re-
lational expression between the volume V (m3) and the
weight M (g) of the silicon raw material is V=M/2.6X108.
[0072] Thereafter, the prepared raw material 2 is filled
in the vitreous silica crucible 1 (step S36), and the man-
ufacture of the silicon single crystal is started. In the man-
ufacture of the silicon single crystal, first, the raw material
2 in the vitreous silica crucible 1 is heated in a furnace
to generate a silicon melt 3 (step S37). As shown in Fig.
3, for example, the silicon melt 3 is generated by main-
taining 1580°C for about 25 hours after heating the inside
of the furnace and raising the temperature from normal
temperature to 1580°C over about 5 hours. Next, after
lowering the temperature in the furnace to 1500°C, a dip-
ping process is performed to dip the seed crystal in the
silicon melt 3 (step S38). Thereafter, a pulling process
of the silicon single crystal is performed to slowly pull the
dipped seed crystal over about 100 hours or longer (step
S39). The pulling process of the silicon single crystal from
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the dipping process of the seed crystal is the same as in
the embodiment 1.

[0073] When the pulling of the silicon single crystal is
completed, the silicon single crystal is taken out from the
CZ furnace (step S40). Therefore, whether or not the
pulling of the subsequent silicon single crystal is per-
formed by the multi-pulling method is determined (step
S41), and in the case where the pulling is performed, the
weight of the taken out silicon single crystal is measured
(step S42). Then, the residual amount of the melt in the
vitreous silica crucible is calculated from the weight of
the taken out silicon single crystal (step SS43), and the
range of the initial liquid surface level H, for the subse-
quent pulling of the silicon single crystal is set. At that
time, a range lower than the initial liquid surface level H,
for the previous pulling of the silicon single crystal is set
(step S44). Thereafter, for the subsequent pulling of the
silicon single crystal, a predetermined amount of silicon
raw material 2 to be filled in the vitreous silica crucible 1
is prepared, and the weight M (g) of this raw material 2
is measured (return to step S32).

[0074] Asdescribed above, inthe manufacturing meth-
od of the silicon single crystal according to the present
embodiment, since the predictive value of the initial liquid
surface level is accurately obtained before starting the
dipping process of the seed crystal, the dipping control
can be very easily performed. That is, the seed crystal
can be reliably dipped, and also the seed crystal will not
descend too much below the initial liquid surface level to
be melted. Particularly, since the seed crystal can be
descended at a high speed to a level very close to the
liquid surface, the time it takes to dip the seed crystal can
be shortened. A multi-pulling is also possible.

[0075] It is obvious that the present disclosure is not
limited to the above embodiments and that various mod-
ifications can be made without departing from the spirit
ofthe presentdisclosure and these modifications are also
included in the present disclosure.

[0076] For example, in the above embodiments, a
manufacturing method of the silicon single crystal using
the vitreous silica crucible has been mentioned, but the
present disclosure is not limited thereto, and other man-
ufacturing methods of the single crystal may be used.
The crucible used in the manufacture of the single crystal
is not limited to the vitreous silica crucible. However,
since the very large-sized crucible with large capacity is
used in the manufacture of the silicon single crystal, the
effect of the present disclosure is remarkable.

[0077] Further, in the above-mentioned embodiment,
the case where the measurement performed simultane-
ously with the measurement of the three-dimensional
shape of the inner surface of the vitreous silica crucible
1 is the photographing of the inner surface by the CCD
camera, but the present disclosure is not limited to such
a case and any measurement item may be used as long
as it is an item different from the three-dimensional
shape, such as FT-IR measurement.
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EXPLANATION OF REFERENCE SYMBOLS

[0078]

1 vitreous silica crucible

2 silicon raw material

3 silicon melt

10 measuring system

11 rotating base

12 arm robot

12a arm

13 distance measuring device

14 camera

15 computer

20 pulling furnace

30 pulling furnace control section

40 silicon raw material measuring section
100 measuring system section

101 measuring unit

102 analysis/calculation unit

103 database engine

104 CAE system

105 CAD system

106 image processing unit

301 speed control unit

302 crucible up-and-down moving speed setting unit
303 heating temperature setting unit

304 single crystal weight calculating unit
1000 silicon single crystal manufacturing system
Claims

1. A manufacturing method of a silicon single crystal
by the Czochralski method in which a silicon melt is
formed by heating a raw material filled in a vitreous
silica crucible and a seed crystal dipped in the silicon
melt is pulled up, thereby growing a silicon single
crystal, the manufacturing method being character-
ized by:

measuring spatial coordinates of a number of
points on an inner surface of a vitreous silica
crucible prior to filling raw material in the vitreous
silica crucible, and specifying a three-dimen-
sional shape of the inner surface of the vitreous
silica crucible using a combination of polygons
having vertex coordinates constituted by the re-
spective measured points;

presetting a predictive value of an initial liquid
surface level of a silicon meltin the vitreous silica
crucible;

obtaining a volume of the silicon melt which sat-
isfies the predictive value of the initial liquid sur-
face level based on the three-dimensional
shape of the inner surface of the vitreous silica
crucible;

obtaining a weight of the silicon melt having the
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volume;

filling the raw material having the weight in the
vitreous silica crucible; and

performing a dipping control of a seed crystal
based on the predictive value of the initial liquid
surface level.

The manufacturing method of the silicon single crys-
tal according to claim 1, wherein the three-dimen-
sional shape of the inner surface of the vitreous silica
crucible is measured by scanning the inner surface
of the vitreous silica crucible with a distance meas-
uring device provided at a tip of an arm of an arm
robot.

The manufacturing method of the silicon single crys-
tal according to claim 2, wherein a measurement
item different from the three-dimensional shape is
simultaneously measured with the three-dimension-
al shape.

The manufacturing method of the silicon single crys-
tal according to claim 2 or 3, wherein the arm robot
is positionally controlled by using a spatial coordinate
(x,09,2) of an arbitrary point on the inner surface of
the vitreous silica crucible which is obtained by using
a function formula of a design model of the vitreous
silica crucible,

wherein when D is a vitreous silica crucible diameter,
H is a vitreous silica crucible height, R is a curvature
radius of a bottom portion of the vitreous silica cru-
cible, and ris a curvature radius of a curved portion
of the vitreous silica crucible,

the function formula representing an x coordinate
and a z coordinate of an arbitrary point on the inner
surface of a sidewall portion of the vitreous silica
crucible is:

x=D/2

z= (H-R+a"?) t+R-a"?,

the function formula representing an x coordinate
and a z coordinate of an arbitrary point on the inner
surface of a curved portion of the vitreous silica cru-
cible is:

x=rcos {-(11/2-0) t} +D/2-r

z=rsin {-(11/2-0) t} +R-a'?,

the function formula representing an x coordinate
and a z coordinate of an arbitrary point on the inner
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surface of a bottom portion of the vitreous silica cru-
cible is:

x=Rcos (6t-11/2)

z=Rsin (6t-11/2) +R,

parameters «, 0, and t contained in the function for-
mula are

a=(R-2r+D/2) (R-D/2)

8=arctan {(D/2-r)/a"?}

t=0to 1,

wherein the 0 is an intersection point angle of a cur-
vature radius R of the bottom portion of the vitreous
silica crucible intersecting with the curved portion of
the vitreous silica crucible.

The manufacturing method of the silicon single crys-
tal according to any one of claims 1 to 4, further com-
prising a multi-pulling process in which a subsequent
pulling of a silicon single crystal is performed by add-
ing raw material in the vitreous silica crucible after
the previous pulling of the silicon single crystal is
completed,

wherein a residual amount of the silicon melt remain-
ing in the vitreous silica crucible is obtained from a
weight of the silicon single crystal which is pulled
previously, and

an additional filling amount of the raw material which
satisfies the predictive value of the initial liquid sur-
face level of the silicon melt used in the subsequent
pulling of the silicon single crystal is obtained based
on the three-dimensional shape of the inner surface
of the vitreous silica crucible and the residual amount
of the silicon melt.

The manufacturing method of the silicon single crys-
tal according to claim 5, wherein the additional filling
amount of the raw material is adjusted so that the
initial liquid surface level at the time of the subse-
quent pulling of the silicon single crystal is lower than
the initial liquid surface level at the time of the pre-
vious pulling of the silicon single crystal.

A manufacturing method of a silicon single crystal
by the Czochralski method in which a silicon melt is
formed by heating a raw material filled in a vitreous
silica crucible and a seed crystal dipped in the silicon
melt is pulled up, thereby growing a silicon single
crystal, the manufacturing method being character-
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ized by:

measuring spatial coordinates of a number of
points on an inner surface of the vitreous silica
crucible prior to filling raw material in the vitreous
silica crucible, and specifying a three-dimen-
sional shape of the inner surface of the vitreous
silica crucible using a combination of polygons
having vertex coordinates constituted by the re-
spective measured points;

obtaining a weight of the raw material to be filled
in the vitreous silica crucible;

obtaining a volume of a silicon melt to be formed
by melting the raw material having the weight;
obtaining a predictive value of an initial liquid
surface level of the silicon melt to be formed by
melting the raw material in the vitreous silica cru-
cible, based on the three-dimensional shape of
the inner surface of the vitreous silica crucible
and the volume of the silicon melt; and
performing a dipping control of the seed crystal
based on the predictive value of the initial liquid
surface level.

The manufacturing method of the silicon single crys-
tal according to claim 7, wherein the three-dimen-
sional shape of the inner surface of the vitreous silica
crucible is measured by scanning the inner surface
of the vitreous silica crucible with a distance meas-
uring device provided at a tip of an arm of an arm
robot.

The manufacturing method of the silicon single crys-
tal according to claim 8, wherein a measurement
item different from the three-dimensional shape is
simultaneously measured with the three-dimension-
al shape.

A manufacturing system of a silicon single crystal by
the Czochralski method in which a silicon melt is
formed by heating raw material filled in a vitreous
silica crucible and a seed crystal dipped in the silicon
melt is pulled up, thereby growing a silicon single
crystal, the manufacturing system being character-
ized by comprising:

a measuring system for measuring spatial coor-
dinates of anumber of points on aninner surface
of a vitreous silica crucible prior to filling a raw
material in the vitreous silica crucible, and spec-
ifying a three-dimensional shape of the inner
surface of the vitreous silica crucible using a
combination of polygons having vertex coordi-
nates constituted by the respective measured
points;

a silicon raw material measuring section for ob-
taining a weight of the raw material to be filled
in the vitreous silica crucible;
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a silicon single crystal pulling furnace; and

a pulling furnace control section for controlling
a pulling condition of the silicon single crystal
pulling furnace,

wherein an analysis/calculation unit is provided
in the measuring system, in which a predictive
value of an initial liquid surface level of the silicon
melt in the vitreous silica crucible is preset, a
volume of the silicon melt satisfying the predic-
tive value of the initial liquid surface level is ob-
tained based on the three-dimensional shape of
the inner surface of the vitreous silica crucible,
and a weight of the raw material to be filled in
the vitreous silica crucible is obtained based on
the volume of the silicon melt, and

the pulling furnace control section performs a
dipping control of the seed crystal based on the
predictive value of the initial liquid surface level.
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